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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 


DETAILED DESCRIPTION 


[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to amelioration of a charge collector ingredient 

about an electric double layer capacitor. 

[0002] 

[Description of the Prior Art] Drawing 7 is the outline sectional view showing an example of the 
structure of the primitive cell of the conventional electric double layer capacitor. The separator 1 which 
the primitive cell of this electric double layer capacitor is electric insulation, and consists of a porous 
film of ionic permeability, It is formed on both sides of this separator 1, and powdered activated carbon, 
and activated carbon fiber or these activated carbon to what was solidified with binders, such as Teflon 
The polarizable electrode 2 which consists of what infiltrated the electrolytic solution into the interior, 
and a separator 1 and the gasket 3 which holds a polarizable electrode 2 from a side face, It is formed on 
the front face of the outside of a polarizable electrode 2, and consists of a charge collector 4 of a pair 
which consists of the conductive rubber sheet or the conductive sheet plastic to which conductivity was 
given with carbon powder etc., and a terminal assembly 5 of the pair arranged on this charge collector 4 
for terminal ejection. 

[0003] Moreover, since the front face of the above-mentioned charge collector 4 is not smooth, contact 
resistance produces it between charge collector 4 front face and a polarizable electrode 2 and between 
charge collector 4 front face and a terminal assembly 5. In order to reduce this contact resistance, it is 
dozens of kg/cm2 from the terminal assembly of both sides. It has the device (illustration abbreviation) 
in which put a pressure and this pressure is held. In the case of an organic solvent system, the withstand 
voltage of such a primitive cell changes with compounds to constitute, but it is decided with the 
electrolytic solution, in the case of a water-solution system, is 1.0V, and is about 2.0-3. 0V. The electric 
double layer capacitor is made into the structure where the laminating of the primitive cell of need 
number of sheets was carried out to the serial according to required withstand voltage in order to make it 
predetermined withstand voltage. 
[0004] 

[Problem(s) to be Solved by the Invention] Although such an electric double layer capacitor has so far 
been used for backup of memory etc. mainly, in recent years, its use for the application which needs 
high currents, such as automobile relation and electronic equipment-related, is increasing. However, 
since the conventional electric double layer capacitor has contact resistance between charge collector 4 
front face and a polarizable electrode 2 and between charge collector 4 front face and a terminal 
assembly 5, its equivalent series resistance (it is hereafter described as ESR) is large. Therefore, when 
passing a high current by discharge from an electric double layer capacitor, it had the fault that a voltage 
drop happened by ESR. 

[0005] In order to reduce such a voltage drop and to pass a high current from an electric double layer 
capacitor, the configuration of a polarizable electrode 2 and a charge collector 4 must be made thin, and 
ESR must be decreased. Moreover, in electronic equipment relation, since the miniaturization of a 
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device is progressing, in connection with it, a thin thing is increasingly required also of an electric 
double layer capacitor. However, the conventional electric double layer capacitor is dozens of kg/cm2 
from the terminal assembly 5 of both sides, in order to reduce contact resistance. A pressure is put and it 
has the device (illustration abbreviation) in which this pressure is held. Therefore, thin-shape-izing of an 
electric double layer capacitor was difficult. 

[0006] An above-mentioned pressure maintenance device is unnecessary, and what formed the interlayer 
who uses carbon with big oil absorption as a principal component between the charge collector and the 
polarizable electrode as an electric double layer capacitor with which contact resistance was reduced and 
stabilized is indicated by JP,1-136326,A in order to solve this problem. Moreover, the electric double 
layer capacitor which prepared the graphite sheet between the charge collector and the polarizable 
electrode is indicated by JP,02-281607,A. However, between a carbon particle and a charge collector, 
even when carbon with big oil absorption is prepared for the middle class, since contact resistance arises 
between a carbon particle and a polarizable electrode, contact resistance cannot be sharply reduced 
between carbon particles. Moreover, when a graphite sheet is prepared, since the thickness of the sheet 
itself is large, thin-shape-izing will become difficult. 

[0007] Moreover, if a charge collector is made thin in order to make the configuration of an electric 
double layer capacitor thin, the gas permeability of a charge collector will become large. Therefore, the 
problem that the dependability of an electric double layer capacitor falls arises by the dry rise of the 
electrolytic solution. The thing which conductive layers 7 and 8 were formed [ thing ] in both sides of 
the sufficiently small insulating layer 6 of gas transmittance as shown in drawing 8 as a collecting 
electrode plate with which gas permeability was made small, and you formed [ thing ] the through tube 9 
into the insulating layer 6, and made it flow through conductive layers 7 and 8 is indicated by JP,59- 
2087 14, A. However, by the approach using this collecting electrode plate, in order to suppress gas 
permeability, the cross section of a through tube 9 must be made to some extent small, therefore it has 
the fault that internal resistance becomes large. 

[0008] Therefore, the technical problem in this invention is a thin shape, and is to offer the electric 
double layer capacitor with which the dry rise of the electrolytic solution was prevented, and ESR was 
reduced sharply. 
[0009] 

[Means for Solving the Problem] The water-solution system electrolytic solution is used for this 
technical problem, and it is solved in the electric double layer capacitor which uses the conductive 
rubber sheet or the conductive sheet plastic as a charge collector by the electric double layer capacitor 
characterized by forming an expanded graphite layer in one side or both sides of the above-mentioned 
conductive rubber sheet or a conductive sheet plastic. 
[0010] 

[Embodiment of the Invention] Hereafter, although this invention is explained using a drawing, the 
electric double layer capacitor of this invention is not limited to the following examples of a gestalt. 
Drawing 1 is the outline sectional view showing an example of the primitive cell of the electric double 
layer capacitor of this invention. The primitive cell of this electric double layer capacitor consists of the 
polarizable electrode 2 of the pair formed on both sides of a separator 1 and this separator 1, a separator 
1 and the gasket 3 which holds a polarizable electrode 2 from a side face, a charge collector 10 of the 
pair formed in the outside front face of a polarizable electrode 2, and a terminal assembly 5 of the pair 
arranged on this charge collector 1 0 for terminal ejection. 

[001 1] The porous film which is electronic insulation and had ionic permeability as the above- 
mentioned separator 1 is used. As such a porous film, the nonwoven fabric which consists of synthetic 
resin etc. is mentioned, for example. As the above-mentioned polarizable electrode 2, there is 
conductivity, what has big surface area stably to the electrolytic solution is desirable, for example, what 
infiltrated the electrolytic solution into the interior what solidified powdered activated carbon, and 
activated carbon fiber or these activated carbon with binders, such as Teflon and phenol system resin, is 
used. As the electrolytic solution, what dissolved the sulfuric acid, the potassium hydroxide, etc. in 
water is used. The above-mentioned gasket 3 prevents the short circuit by contact of charge collector 18 
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up-and-down comrades while it maintains the configuration of a primitive cell and prevents the leakage 
of the electrolytic solution. As the quality of the material of a gasket 3, resin ingredients, such as ABS, 
are used, for example. 

[0012] The above-mentioned charge collector 10 consists of expanded graphite layer 10b formed in the 
front face of conductive rubber sheet or conductive sheet-plastic 10a to which conductivity was given 
with carbon powder etc., and this conductive rubber sheet or conductive sheet-plastic 10a. As the quality 
of the material of the above-mentioned conductive rubber sheet or conductive sheet-plastic 10a, 
conductive rubber, such as conductive isobutylene isoprene rubber, and a polyethylene system, a 
polypropylene system, a nitril system, a styrene system, a butadiene system, conductive elastomer, 
electroconductive plastics, etc. are mentioned, for example. 

[0013] The expanded graphite which forms the above-mentioned expanded graphite layer 10b is electric 
conduction grant material obtained by carrying out rapid heating of the graphite lamellar compound to 
about 800-1000 degrees C, and has the shape of that the configuration is powdered or a particle. Since 
expansion of 100 or more times is caused compared with the usual graphite, it compares with the usual 
graphite, and this expanded graphite is a lifting and a cone about form status change-ization. As for the 
thickness of the above-mentioned expanded graphite layer 10b, it is desirable to be referred to as 10 
micrometers or less. When thickness exceeds 10 micrometers, there is a possibility that expanded 
graphite layer 10b may exfoliate. Moreover, even if it makes thickness thicker than 10 micrometers, the 
contact resistance between charge collector 10 front face and a polarizable electrode 2 and between 
charge collector 10 front face and a terminal assembly 5 and the reduction effectiveness of electric 
double layer capacitor ESR hardly improve. 

[0014] The above-mentioned charge collector 10 can be manufactured by the following manufacture 
approaches. Drawing 2 is the mimetic diagram showing an example of the production process of a 
charge collector 10. First, on conductive rubber sheet or conductive sheet-plastic 10a, the spreading 
machine 13 is used, the expanded graphite / solvent mixture 1 1 which mixed the solvent with expanded 
graphite at a predetermined rate are applied more thickly, and the spreading side of expanded graphite / 
solvent mixture 1 1 is made smooth with a blade 14. Subsequently, a reverse roll 12 is used for 
conductive rubber sheet or conductive sheet-plastic 10a, the applied expanded graphite / solvent mixture 
1 1 are stuck to it by pressure, and expanded graphite is stuck to conductive rubber sheet or conductive 
sheet-plastic 10a. Subsequently, the expanded graphite / solvent mixture 1 1 stuck by pressure are dried 
with a dryer etc., and a solvent is removed. 

[0015] If it is in such an electric double layer capacitor, since the charge collector 10 with which 
expanded graphite layer 10b was formed in the front face of conductive rubber sheet or conductive 
sheet-plastic 10a is used, the contact resistance between charge collector 10 front face and a polarizable 
electrode 2 and between charge collector 10 front face and a terminal assembly 5 can be reduced 
sharply. Since a pressure maintenance device becomes unnecessary by this, thin shape-ization of an 
electric double layer capacitor is attained, and ESR of an electric double layer capacitor decreases. 
Moreover, since expanded graphite layer 10b is formed in the front face of conductive rubber sheet or 
conductive sheet-plastic 10a, the gas permeability of a charge collector 10 falls and the dry rise of the 
electrolytic solution is prevented. 

[0016] Moreover, since the adhesion of conductive rubber sheet or conductive sheet-plastic 10a and 
expanded graphite layer 10b increases when reverse roll 12 grade is used for the front face of conductive 
rubber sheet or conductive sheet-plastic 10a and expanded graphite layer 10b is stuck to it by pressure, 
ESR of an electric double layer capacitor decreases further, and the dry rise of the electrolytic solution is 
prevented. 

[0017] By forming expanded graphite layer 10b in the front face of conductive rubber sheet or 
conductive sheet-plastic 10a, the contact resistance between charge collector 10 front face and a 
polarizable electrode 2 and between charge collector 10 front face and a terminal assembly 5 decreases 
sharply, and the following is mentioned as a reason the dry rise of the electrolytic solution is prevented. 
It compares with the usual graphite particle and the expanded graphite which forms expanded graphite 
layer 10b is a lifting and a cone about form status change-ization. Therefore, since expanded graphite 15 
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will deform according to surface irregularity and will be stuck to a front face if friction with the front 
face of conductive rubber sheet or conductive sheet-plastic 10a is caused as shown in drawing 3 , it has 
high conductivity, and contact resistance decreases, and gas permeability also falls. As shown in 
drawing 4 on the other hand, since the usual graphite particle 16 does not deform according to the 
irregularity of the front face of conductive rubber sheet or conductive sheet-plastic 10a, there are many 
clearances between graphite particles and the effectiveness of reduction of contact resistance and its 
effectiveness of a fall of gas permeability are low. 
; [0018] 

[Example] Hereafter, an example is shown. 

(Example 1) Drawing 4 is the schematic diagram showing the cross-section structure of the electric 
double layer capacitor for a trial in this example. Fixed carbon mixed the expanded graphite powder and 
water which are 97% or more by the weight ratio 1 :3, and prepared expanded graphite powder / water 
mixture. With a thickness of 50 micrometers conductivity isobutylene-isoprene-rubber sheet 24a is 
prepared, expanded graphite powder / water mixture was applied and stuck to homogeneity by pressure, 
and these both sides were made to stick expanded graphite powder to a conductive isobutylene-isoprene- 
rubber sheet 24a front face, respectively. This was dried at 120 degrees C with the drier for 1 hour, the 
solvent which remains was removed, and the charge collector 24 with which expanded graphite layer 
24b whose thickness per one side is 10 micrometers was formed in the conductive isobutylene-isoprene- 
rubber sheet 24a front face was obtained. 

[0019] Powdered phenol system resin was mixed with activated carbon powder by the weight ratio 6:4, 
what was heat-treated at 900 degrees C among [ after fabricating to 70x50x0.5mm ] nitrogen-gas- 
atmosphere mind was infiltrated into 40% of the weight of the sulfuric-acid water solution (electrolytic 
solution) for 24 hours, and the polarizable electrode 22 was obtained. This polarizable electrode 22 was 
made to counter on both sides of the separator 21 which consists of a nonwoven fabric made from 
polypropylene with a thickness of 20 micrometers in between. The charge collector 24 created as 
mentioned above to this was stuck by pressure from both sides, and the gasket 23 made from ABS has 
been arranged around a polarizable electrode 22 so that charge collector 24 comrades of both sides 
subsequently may not contact. Next, the base material 26 made from ABS of a pair has been arranged to 
the both ends of charge collector 24 front face, and it was made a form which puts the both ends of a 
charge collector 24 with this base material 26 and gasket 23. Furthermore, epoxy resin adhesive was 
applied to the perimeter of a gasket 23 and a base material 26, and the electrolytic solution with which it 
sank into the polarizable electrode 22 was closed. 

[0020] Next, it is the terminal assembly 25 for terminal ejection from both sides 5kg/cm2 It fixed to the 
charge collector 24, having put the pressure, and the four corners of a terminal assembly 25 were fixed 
with the bolt 27 and the nut 28. In order to prevent short-circuit of two poles, between the terminal 
assembly 25 and the bolt 27, the packing 29 of a non-conductive isobutylene-isoprene-rubber system 
was attached. Thus, it poured into the assembled primitive cell from the injected hole (illustration 
abbreviation) which was able to open in the side face of a gasket 23 the 40-% of the weight sulfuric-acid 
water solution which is the electrolytic solution, and the primitive cell of an electric double layer 
capacitor was produced by closing an injected hole by thermal melting arrival after electrolytic-solution 
impregnation. Similarly, the pressure put from the both sides of a terminal assembly 25 is 20kg/cm2. 
The primitive cell was produced. 

[0021] (Example 1 of a comparison) As a charge collector 24, the pressure which performs like an 
example 1 and is put from the both sides of a terminal assembly 25 is 5 and 20kg/cm2 instead of the 
conductive isobutylene-isoprene-rubber sheet which stuck expanded graphite powder by pressure except 
**** for conductive isobutylene-isoprene-rubber sheets which applied the graphite powder of 98% or 
more of purity. The primitive cell whose number is two was produced. 

[0022] (Example 2 of a comparison) As a charge collector 24, the pressure which performs like an 
example 1 and is put from the both sides of a terminal assembly 25 is 5 and 20kg/cm2 instead of the 
conductive isobutylene-isoprene-rubber sheet which stuck expanded graphite powder by pressure except 
having used the conductive isobutylene-isoprene-rubber sheet which stuck the graphite sheet with a 
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thickness of 125 micrometers by pressure. The primitive cell whose number is two was produced. 
[0023] As a charge collector 24, a through tube is prepared 10% into aluminum foil with a thickness of 
25 micrometers. (Example 3 of a comparison) This is put on a conductive isobutylene-isoprene-rubber 
sheet with a thickness of 50 micrometers, and it is 5kg/cm2. After being stuck by pressure, Expanded 
graphite is applied to an aluminum foil side like an example 1, and it is a conductive isobutylene- 
isoprene-rubber sheet with a thickness of 50 micrometers again from it further 5kg/cm2 Except having 
used what was stuck by pressure The pressure which performs like an example 1 and is put from the 
both sides of a terminal assembly 25 is 5 and 20kg/cm2. The primitive cell whose number is two was 
produced. 

[0024] The electric double layer capacitor was obtained using the primitive cell produced in an example 
1 and the examples 1-3 of a comparison, respectively. ESR of an electric double layer capacitor, the 
moisture vapor transmission of a charge collector, and the thickness of a primitive cell were measured 
using the following measuring methods. A result is shown in Table 1 . 

[0025] (Measurement of ESR) They are 1kHz and lOmVrms to an electric double layer capacitor. It 
asked by impressing alternating voltage and measuring a current and phase contrast. 
(Moisture vapor transmission) In a phi30mm sample bottle, 40% of the weight of a sulfuric-acid water 
solution is put in, a charge collector is carried on a sample bottle, and it is 10kg/cm2. The charge 
collector was stuck to the sample bottle by pressure with epoxy system adhesives by applying 
pressurization. This sample bottle was left in the dryer installed in 70 degrees C, and it asked for it from 
weight change of a sample bottle. 

(Thickness of a primitive cell) The primitive cell center section was measured using digital-type slide 
calipers, and the value which **(ed) thickness of the terminal assembly 25 of both ends from the value 
was made into the thickness of a primitive cell. In addition, for the thickness of a primitive cell, the 
pressure from terminal assembly 25 both sides is 5kg/cm2. It measured about the primitive cell. 
[0026] 


rTable 11 


**ftl 

Ms/mm i 


JMtffS 

B SR(mQ) 
«5k*/cra* 

8. 0 

1 9. 6 

9. 9 

28. 5 

ESR(mfl) 
JDH:2 0 kg/cm 2 

7. 2 

1 5. 8 

8. 9 

2 1.8 

****** 

(g/cm* • hour) 

0. 80 

1. 15 

0. 77 

0. 68 


1. 05 

1.0 8 

1. 3 3 

1. 1 8 


[0027] Compared with the example 1 of a comparison, ESR of an example 1 was not concerned with the 
size of the welding pressure to a terminal assembly 25, but decreased. This shows that it is effective in 
reduction of ESR to form an expanded graphite layer in a conductive isobutylene-isoprene-rubber sheet 
front face. Moreover, in the example 1 and the example 1 of a comparison, the example 1 of a 
comparison of moisture vapor transmission was larger. Form status change-ization of a particle cannot 
take place easily, and the common graphite powder which uses this in the example 1 of a comparison is 
considered with since adhesion with a conductive isobutylene-isoprene-rubber sheet and a graphite 
particle is not enough. 

[0028] In an example 1 and the example 2 of a comparison, there was no big change in ESR, and change 
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did not almost have moisture vapor transmission, either. However, when the thickness of a eel was 
compared, the direction of the example 2 of a comparison was thick 40% or more. Moreover, in the 
example 1 and the example 3 of a comparison, although the moisture vapor transmission of the example 
3 of a comparison was quite good, the value of ESR of the example 3 of a comparison became 3 or more 
times of an example 1 . 

[0029] (Example 2) The thickness of expanded graphite layer 24b created the electric double layer 
capacitor per [ 1, 5, and 10 ] one side and using the charge collector 24 which is 20 or 30 micrometers, 
respectively, and measured ESR. A result is shown in drawing 6 . Here, each pressure put from the both 
sides of a terminal assembly 25 is 5kg/cm2. It carried out. 

[0030] Even if the thickness per one side was quite thinner than the result of an example 2, it turned out 
that the value of ESR is not getting worse sharply. On the contrary, when thickness exceeded 10 
micrometers, even if applied thickly more than it, not much, effectiveness was not seen and expanded 
graphite layer 24b might exfoliate. When thickness of expanded graphite layer 24b applied to a 
conductive isobutylene-isoprene-rubber sheet 24a front face was set to 10 micrometers or less, the result 
of being good was obtained from this. In addition, although conductive isobutylene isoprene rubber is 
used in this example as an ingredient which constitutes a charge collector, the same result is obtained 
even if it uses either the conductive rubber of a polyethylene system, a polypropylene system, a nitril 
system, a styrene system, and a butadiene system, conductive elastomer and electroconductive plastics 
instead of conductive isobutylene isoprene rubber. 
[0031] 

[Effect of the Invention] Since the charge collector in which the expanded graphite layer was formed on 
the front face of a conductive rubber sheet or a conductive sheet plastic is used if it is in the electric 
double layer capacitor of this invention as explained above, thin-shape-izing is possible, and the dry rise 
of the electrolytic solution can be prevented, and ESR can be reduced sharply. 


[Translation done.] 
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